Abstract
Objective-Tio create a means by which we can examine and understand the interrelations among the fundamental elements of hospital inpatient care (patients, beds, theatre time, and staff).
Design-Predictive study of resource utilisation based on a computerised clinical information system of five years' audit data from a surgical management system. Setting-One surgical firm (of one consultant, one registrar, and one preregistration houseman) in a district general hospital.
Patients -5267 Patients whose admission records were part of the five years' audit of surgical management.
Main outcome measures-Mean length of stay; number of occupied beds; turnover interval; throughput (patients/bed); percentage elective theatre occupancy; waiting time for elective admissions; and theatre, hotel, and total costs.
Results-Predicted outcome was analysed in the model, taking the actual outcomes in 1988-9 as baseline values, for four clinical scenarios: an increase in accident and emergency admissions, a reduction in beds, a reduced length of stay, and creation of a new firm. Baseline values showed a mean stay of just over five days in 15 beds and with a theatre occupancy of94%; the total cost was £812 000 (hotel costs £597 000). Increasing the accident and emergency admissions to 460/year (190/o), based on projected trends from 1984 to 1988, resulted in increased hotel costs (£55 000) and reducing bed numbers (by halving admissions) in decreased use of theatres to 71%, decreased throughput, and increased waiting time, from 20 to 92 weeks, at a saving of £99000 (12%). Reducing stay marginally reduced bed occupancy (8%) and hotel costs (14%), and creating a new surgical team considerably reduced bed occupancy (14%) and waiting time for elective operations (by 20%). The minimum number of beds for referrals, accident and emergency admissions, and planned admissions was 9-0; that for urgent elective admissions was 3-3 and for nonurgent admissions was 2-4. Conclusion We present an application of a clinical management system designed primarily for audit and the running of BMJ VOLUME 301the admission and discharge system of a surgical unit to the more general,task of modelling resource management.
Methods

MANAGEMENT SYSTEM
In 1985 we began to collect data on to a MICROMED surgical management system (Medical Systems) designed by clinicians in association with computer professionals, which we have previously described.' Although all three surgical firms now enter their clinical data on to the system, the information obtained for this study represents the clinical activity of a single firm or team of one consultant, one registrar, and a preregistration houseman. When the system was set up we retrospectively entered data on patients back to September 1984; we now have five years of information on 5267 admissions from that firm. The first box shows the data available from the system relevant to this study.
For the resource planning model (see below) data collection and analysis were by source or mode of The "mix" of sources of admission and modes of admission showed little variation over the five years, though the number of discharges rose steadily. Figure   1 shows the totals and proportion of discharges by source of admission. Though urgent and elective (soon) admissions seemed to have increased, we think that this has resulted from an alteration of the thresholds among classes of priority, which inevitably occurs as a waiting list grows. Thus when waiting time for admission is excessive only patients with the most innocuous conditions will be classified as routine admissions. We used an overall reduction of 8 5% in the model while keeping the case load fixed. The outcome was a marginal reduction in occupied beds (8%) to the same figure as in scenario B. There was no change in theatre use, in throughput, or in waiting time because of the constant patient load. There was an expected but notable drop in hotel costs, of £83 000 (14%).
Scenanro D: Can we create another surgical team?-The addition of another team (in our case from three to four) should reduce the accident and emergency load and internal referrals, we assumed by a quarter in both cases, but, as past experience has shown, there was likely to be little or no effect on the addition of patients to the waiting list of the existing teams. Elective work in the existing team would increase (by say 5%) as numbers of accident and emergency admissions fell. The number of occupied beds fell considerably (14%); theatre occupancy also declined slightly, to 93%. The waiting time for routine elective operations, however, was reduced to 16 weeks (20%) by the end of the first year. Costs for the existing team were reduced by £94 000 (13%).
In addition to these scenarios, we also used the model to calculate that nine beds is the minimum required to treat patients whose admission is beyond the control of the clinical team (that is, patients admitted as referrals, accident and emergency admissions, and planned admissions). To treat patients admitted as urgent elective surgery a further 3-3 beds are needed; thereafter only 2 4 more beds are necessary for non-urgent elective surgery. Waiting list "initiatives" have also stimulated us to investigate costing an additional three hour theatre session; in this case -theatre expenditure rose by £32 000 and hotel costs by £50 000. The waiting time for non-urgent admissions, however, was reduced to five weeks at the end of one year.
BMJ VOLUME 301 21 JULY 1990 Output from resource planning model In management terms it also shows that nonurgent admissions (soon or routine) are "efficient" (31% of all patients treated but occupying only 16% of the beds). Reducing the number of these admissions has only slight effects on work patterns at the human cost of greatly increasing waiting time.
Scenarios C and D put numerical and financial flesh on to options that are all too often pursued because it is thought that they might help. Of course we recognise that scenario C (reducing length of stay) in its present form cannot measure the community costs of early discharge or the potentially disturbing effects on nursing of a decreased number of patients who can fend for themselves while they are still inpatients. As over the past five years we have reduced the length of stay of inpatients by 20% we have been impressed how this pressure has increased. We urgently need more information on the total implications of an early discharge policy in a busy surgical unit.
The process of audit should deal with the issues of efficiency and effectiveness. This paper deals with only the former and examines the potential link with the economic considerations embraced in the principles of resource management. The study of effectiveness is no less important. The patient, the manager, and the district audit committees will need to be persuaded that clinicians are taking a critical look at the quality and outcome ofthe care they deliver. When we begin to get to grips with these questions, and they are no less complex, there will be an even greater need for clinical information systems to be able to integrate with resource management.
Finally, it can be argued that our system is merely a resource management initiative at team level and thus does not have any broader application. This may be so, but it has the great advantage that, once set up in relation to the basic clinical management system, it does not require any special data collection over and above that which occurs in routine clinical care. It also allows clinicians to take an active and even initiating role in planning-always provided a manager can be persuaded to believe the figures produced by the team.
In less than a year hospitals in the United Kingdom will be "selling" their services to district health authorities. Hospital managers will need an effective resource management tool in which both they and their clinicians can 
